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(57) ABSTRACT

The present imnvention refers to an optimized and defined
method for 1solation and preservation of precursor cells from
human umbilical cord. Besides being reproducible and
100% reliable, 1n terms of the number of samples processed,
the method results 1n a high and defined number of precursor
cells, being the majority obtained after a single adhesion and
expansion/multiplication phase ex vivo (thus granting cell
phenotype), 1n a shorter time frame than what was previ-
ously described 1n the state-of-the-art. With this method, 1t
1s possible to obtain, 1n 9 days, after direct freezing of a cell

fraction, and after one expansion/multiplication phase ex
vivo (end of PO) of the majority of the cells, about 8.6
(£0.1)x10° cells/gram of processed umbilical cord. In turn,
the characteristics of the cells allow, for example, after 35
days, obtaining an average of 7.7x10" cells, with precursor
phenotype, from 100% of processed umbilical cord samples.
The method, because it 1s simple, robust and 100% reliable,
can be performed under good manufacturing practices
(GMP) 1n laboratories dedicated to cell therapy 1n humans.
Furthermore, the method has applications 1n the pharmaceu-
tical, cosmetic and biotechnology areas.
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OPTIMIZED AND DEFINED METHOD FOR
ISOLATION AND PRESERVATION OF
PRECURSOR CELLS FROM HUMAN

UMBILICAL CORD

TECHNICAL FIELD OF THE INVENTION

This application 1s a U.S. national phase filing under 335
U.S.C. §371 of PCT Application No. PCT/IB2008/054067,

filed Oct. 3, 2008, and claims priority thereto under 35
U.S.C. §119 to Portuguese patent application no. 103843,
filed Oct. 4, 2007, the entireties of both of which are
incorporated by reference herein.

It 1s an aspect of the present invention an optimized and
defined method for 1solation and preservation of precursor
cells from the human umbilical cord matrix.

By “precursor cell” 1n the present invention, 1t 1s meant a
type of cell capable of adhering and expanding/multiplying
in a surface and defined growth medium, where the majority
of cells 1n culture express the cell surface markers CID44,
CD73, CD90 and CD105, and the majority of cells present
only residual expression of the cell surface markers CD14,
CD31, CD34 and CD45, where the majority of cells are able
to undergo up to 18 expansion/multiplication phases, main-
taining a constant duplication factor of approximately 1.7/24
h, a constant fibroblast-like morphology, and the capacity of
partial or terminal differentiation into specialized cells, such
as osteoblasts, chondrocytes, adipocytes, cardiomyocytes,
and glial/neural cells.

An aspect of the present mnvention adds to the state-of-
the-art a method which 1s robust, allowing 100% eflicacy
related to the tissue samples processed, and more eflicient,
related to the number of stem cells 1solated per umbilical
cord mass and dispended time.

The technical innovations that are the basis of this inven-
tion consist fundamentally in dividing the cell 1solation
process 1n three independent cell recovery phases and opti-
mizing several technical parameters along the protocol.
Such parameters were thus far either not mentioned or
undefined 1n the state-of-the-art.

The tri-phased recovery method 1s based on the sequential
recovery of the dissociated cells from three different inde-
pendent origins along the 1solation process: Phase 1—re-
covery ol a first set of cells that are able to adhere to the
surface of the cell culture flask where the tissue digestion
reaction 1s performed. Adhesion occurs right after the diges-
tion incubation period 1s over, with the flask being kept
standing still 1n the horizontal position, for a period of 30
minutes, at room temperature, and still 1n the presence of the
digestion solution. The adherent cells are then incubated 1n
culture conditions and undergo expansion and multiplication
until contluence reaches near 100%; Phase 2—recovery of a
second set of cells from the supernatant which results from
centrifugation of the digestion solution, after Phase 1. These
cells are then incubated 1n culture conditions and the ones
capable of adhering to the surface of a cell culture flask
undergo expansion and multiplication until confluence
reaches near 100%; Phase 3—recovery of a third set of cells
from the pellet resulting from the centrifugation 1n Phase 2.
These cells may be cryopreserved directly without adhesion,
expansion, and multiplication.

Concerning the technical parameters optimized along the
protocol, these are: 1—type of mechanical manipulation and
initial umbilical cord fraction dimension, 2—presence or
absence of blood clots within the umbilical vessels, 3—type
of enzyme(s), imndividual or combined action and enzyme
concentration(s) in the digestion solution, 4—composition
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of the digestion solution, 5—pH evolution during digestion
reaction, 6—incubation period/time, 7—type of agitation
(moderate or vigorous), 8—type ol incubation atmosphere
(dry or wet), and 9——<cell density during cryopreservation.
The combination of a tri-phased method for dissociated
cell recovery with optimization of the above mentioned
technical aspects has generated a method more consenta-
neous with use 1n cell therapy, based on cell administration.
This 1s due to the method’s robustness (100% efhicacy) and
to the high cell yields obtained within a relatively short
period of time. Furthermore, the cryopreservation method-
ology was also optimized 1n order to maximize cell viability
for future use.

With the newly-developed method it 1s possible to obtain,
from 100% of the umbilical cord samples processed, fact
which 1s unprecedented 1n the state-oi-the-art, 1n nine days,
after direct freezing of a cell fraction, and after two 1nde-
pendent single phases of adhesion and expansion/multipli-
cation ex vivo (end of PO) of the majority of the cells, yields
of approximately 8.6(x0.1)x10° cells/gram of processed
umbilical cord. Such efliciency represents the possibility of
obtaining, from one umbilical cord (average length of 35
cm), a total 0of 3.0x107 cells. In turn, the characteristics of the
cells allow to obtain, for example, in 35 days (end of P6), an
average of 7.7x10'> cells, using a constant inoculum of
5.0x10° cells/cm” throughout the 6 passages, from 100% of
the umbilical cord fractions processed. In the end, such
elliciency represents a reduction i about 30% of the time
needed to obtain the same number of cells with similar
protocols existent in the state-oi-the-art. According to what
was described earlier, in order to obtain numbers near
1.0x10" cells, using the same initial inoculum, a minimum
of 80 days would be necessary (Harris et al., 2006; Can and
Karahuseyinoglu, 2007).

Although being specifically developed to cell therapy, the
new method 1s also suitable for the creation of cell banks, to
be used in gene therapy protocols, to be the basis for
pharmacological and cosmetic compositions, to generate
cells for production of molecules or molecular compounds,
for producing cell layers for cell culture supports, and for
producing cell lines through genetic manipulation.

BACKGROUND OF THE INVENTION

A precursor cell (stem, germinal, undifferentiated, or
primitive) 1s a type of cell with self-renewal capacity for a
significant time period and, above all, with the capacity of
either partial or terminal differentiation nto other types of
more specialized cells.

Despite the enormous diflerentiation potential of embry-
onic precursor cells, their utilization for research or/and
therapy 1s controversial and has raised serious ethical and
safety 1ssues. Thus, research 1n this area has been focusing
on the identification and evaluation of alternative non-
embryonic stem cells, such as those obtained from bone
marrow, periostium, trabecular bone, adipose tissue, sinovial
region, skeletal muscle, deciduous and definitive teeth pulp,
and olfactory mucosa (Barry and Murphy, 2004; Roisen et
al., 2001). It has already been demonstrated that cells
1solated from these tissues have the capacity of differentia-
tion inter alia into chondrocytes, adipocytes, osteoblasts,
myoblasts, cardiomyocytes, astrocytes and tenocytes, both
in vitro and 1n vivo (Carvalhal et al., 2007; Majumdar et al.,
1998 e Pittenger et al., 1999). Such precursor cells, 1solated
from non-embryonic sources, and capable of differentiating
into non-haematopoietic specialized cells, derived from the
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three germ layers (endoderm, mesoderm, and ectoderm), are
denominated mesenchymal stem cells.

The major limitations to the utilization of mesenchymal
precursor cells arise during clinical practice, namely during
cell harvesting. Collection of mesenchymal cells invariably
involves 1nvasive methodologies to the donor, such as
surgical procedures that (like collection of stem cells from
bone marrow, for example) might even involve general
anaesthesia. Furthermore, because mesenchymal stem cells
are rare, the final number of cells obtained i1s generally low.

As an alternative, the umbilical cord tissues have been
described as possible sources for adult precursor cells (Ro-
manov et al., 2003). The umbilical cord blood, for example,
1s known to be a rich source for precursor cells but mainly
ol haematopoietic nature (blood lineage). Since mesenchy-
mal stem cells are present in umbilical cord blood 1n limited
numbers, attempts to 1solate these cells from this tissue have
resulted 1n some frustration, and even the most successful
attempts, using very high amounts of blood, have not
surpassed the 60% success rate, relative to the total number
of tissue samples processed. And in the end, doubts still

persisted about the origin of the 1solated cells; that 1s, would
the origin of cells have really been blood, or other foetal
tissue (Chul-Wan et al., 2003; Bieback et al., 2004).

Other reports describe 1solation of mesenchymal stem
cells from other umbilical cord constituent tissues, consid-
erably richer in mesenchymal nature than umbilical blood.
Some examples of these procedures are based on umbilical
cord matrix, also known by Wharton’s jelly (Purchio et al.,
1998; Mitchell et al., 2003; Davies et al., 2004; Wang et al.,
2006); umbilical cord vein (Romanov et al., 2003; Auger et
al., 2003), arterial tissues (Kadner et al., 2004); or other

lining tissues, such as the amniotic membrane (Phan et al.,
2004).

A detailed analysis reveals that the protocols described
are, 1n one way or the other, restrictive 1n terms of the nature
of the cells obtained, or rather vague in terms of success rate
and efliciency in the number of cells 1solated. In fact, the
restrictive nature of these protocols invariably resulted in
loss of phenotypic diversity of the cell populations 1solated,
mainly due to unnecessary focus on specific tissues or
geographic locations within the umbilical cord structure.
Furthermore, uncertainly invariably remained about the
actual number of stem cells that could be obtained 1n the end.

Thus, for example, the Cell Research Corporation proto-
col that 1s based solely on the amniotic membrane as source
of mesenchymal stem cells, originates cells already pre-
disposed to the endothelial lineage (Phan et al., 2004).

Additionally, none of the methods desonbed so far has
demonstrated eflicacy in terms of number of successiul
tissue samples processed 1n order to be reliable enough so as
to be applied 1n cell therapy protocols. In other words,
although the success rate for mesenchymal cell 1solation
from umbilical matrix 1s higher than from umbilical cord
blood, or even bone marrow, there 1s no method up to now
that guarantees 100% success rate for i1solation, in terms of
number of tissue samples processed, so that the final result
1s robust enough for cell therapy applications (Deryl ¢ Weiss,
2008).

Furthermore, the introduction of unnecessary steps of
structural manipulation, such as extraction of umbilical
vessels (Purchio et al., 1998; Mitchell et al., 2003; Davies et
al., 2004; Wang et al., 2006), or mechanical maceration
(Seyda et al., 2006), makes existing protocols hard to
standardize and reproduce, never assuring enough cell num-
bers for cell therapy application.
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Furthermore, excessive tissue manipulation induces cell
differentiation which 1s undesirable 1f one wants to maintain

precursor cell phenotype (Gardner et al., 2000; Claes et al.,
2002; Cullinane et al., 2003).

Also showing limitations are the protocols based on the
umbilical vessels themselves. These protocols involve com-
plex extractions of the arteries or the umbilical vein and limit
the differentiation potential of mesenchymal stem cells to

the sub-endothelial and endothelial lineages (Romanov et
al., 2003; Auger et al., 2005; Kadner et al., 2004; Sarugaser

et al , 2005).

Finally, no less complex, are the protocols that base
themselves on the Wharton’s jelly (WI) as source ifor
mesenchymal stem cells. These reports are not consistent,
also contributing to the lack of definition and criteria of the
applied methodologies. Thus, while Purchio et al., 1998;
Mitchell et al., 2003; and Wang et al., 2006, perform a
complex and hardly reproducible initial vessel extraction,
processing the remaining tissue for cell 1solation, Davies et
al., 2004, also remove the umbilical vessels but, instead of
using the remaining tissue, they process the tissue still
coupled around the vessels for cell 1solation, discarding the
first. Nonetheless, all authors are unanimous in aflirming
that their protocols are based on W1 exclusively (Purchio et
al., 1998; Mitchell et al., 2003; Davies et al., 2004; Wang et
al., 2006). The discrepancy between these approaches 1is
unjustified and the excess tissue manipulation of the existing
tissues 1n either of these two protocols undermines desirable
cllects on precursor phenotype maintenance, and conse-
quently endangers the utilization of the 1solated precursor
cells 1 1solation and cryopreservation services for the
population 1n general.

The state-of-the-art 1s clearly missing a method based on

a simple, robust, and defined protocol so that 1t can be
reproducod with guarantees of eflicacy and efliciency. Once
mesenchymal stem cells become applicable i cell therapy,
it 1s necessary to assure to the patient that the method used
for cell 1solation will provide both the necessary quality and
quantity of the therapeutic agent. Given the lack of guaran-
tees presented by the protocols so far described in the
state-oi-the-art, 1t 1s foreseen that the present invention waill
suppress the need for a method with the above characteris-
tics.

GENERAL DESCRIPTION OF THE

INVENTION

The present invention intends to add to the state-of-the-art
a selection method for 1solation of precursor cells from
human umbilical cord, with a specified mesenchymal char-
acter, based on a selection strategy through specific diges-
tion of collagen, the support material of the umbilical cord
matrix (Wharton’s jelly).

Cell liberation occurs without mechanical manipulation
of the 1nitial tissue, thus ensuring that original cell pheno-
type remains intact and cell wviability maintained. By
“mechanical manipulation™, in the present invention, it 1s
meant maceration and/or crushing of any tissues in the
sub-amniotic, intervascular, and perivascular regions of the
umbilical cord; and/or extraction of umbilical cord vessels;
and/or any other mechanical effect which might interfere
with the stability, and consequently the phenotype and
viability, of cells present in the umbilical cord matrix
(Wharton’s Jelly).

In addition to the absence of mechanical manipulation,
the introduction of three independent phases for dissociated
cell recovery and the optimization of several technical
parameters along the process make the method simple,
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robust, 100% reliable 1n terms of eflicacy, and highly efli-
cient in terms of number of cells obtained related to time. As
a result the method can be applied 1n cell therapy services,
as well as cryopreservation of mesenchymal stem cells
resulting from 1solation for future autologous use.

The result of introducing a sequential three-phased pro-
cess for cell 1solation and the optimization of individual
technical characteristics, thus far either not mentioned or
described in an undefined fashion in the state-of-the-art, was

evaluated according to the total cell yields obtained after
cach variable was introduced. Total cell yields correspond to
a small cell portion which 1s frozen directly 1n the vapour
phase of liquid nitrogen, without undergoing a phase of
adhesion and expansion/multiplication plus two groups of
cells previously 1solated either from a first adhesion selec-
tion phase, right after tissue digestion, and a second adhe-
s1on selection phase, right after centrifugation of the diges-
tion product. Both these sets undergo one phase of adhesion
and expansion/multiplication and are cryopreserved once
the corresponding cultures reach maximum confluence,
before any passage (end of PO).

By “passage (P)”, in the present invention, it 1s meant by
the re-moculum, preceded by trypsinization, of adherent
cells, after the adherent cells have reached a contluence (cell
density) at the growth surface of nearly 100%, due to their
expansion/multiplication in a defined growth medium; so as
to 1ncrease simultaneously the adhesion and expansion sur-
tace, as well as the total volume of growth medium, in order
to mitiate a new expansion/multiplication phase.

By “maximum confluence”, 1n the present invention, it 1s
meant by the growth surface of the culture support being
uniformly covered by a single layer of cells.

The three sequential recovery phases comprising the
tri-phased method are: Phase 1—recovery of a first set of
cells that are able to adhere to the surface of the cell culture
tflask where the tissue digestion reaction 1s performed, still 1n
the presence of the digestion solution. Phase 2—recovery of
a second set of cells from the centrifugation of the digestion
solution that are able to adhere to the surface of another cell
culture flask 1 a solution consisting of supernatant and
culture medium. Phase 3—recovery of a third set of cells
from the pellet resulting from the centrifugation in Phase 2.
These cells are cryopreserved directly without adhesion and
expansion/multiplication.

In turn, the technical parameters optimized were:

1—Dimension of the initial tissue fractions to be used in
the digestion reaction, maintaining a constant proportion of
tissue mass (g), surface area of the bottom of the digestion
flask (cm®), digestion volume (ml), and the total volume of
the flask (ml), of approximately 1:2:2:37, considering that a
fraction of 1 cm of human umbilical cord weighs about 1 g.
After removing the ammotic membrane, several types of
fractionation methods were tested: low (5 cm {ractions);
medium (2.5 cm {fractions); high (0.3 c¢cm fractions); and
minced tissue. All fractionations were performed with the
help of a scalpel and the samples processed using exactly the
same conditions. It was concluded that the best yields, 1n
terms of total cells at the end of PO/umbilical cord mass/
time, were obtained when using 2.5 cm fractions.

2—Presence or absence of blood clots within tissue
vessels (1 vemn and 2 arteries): 1t 1s known that lysis of
red-blood cells 1s toxic, reducing cell viability in wvitro.
Theretore, cell yields were compared when the digestion
was performed in the presence or absence of blood clots. For
the latter, a scalpel was used to cause longitudinal 1ncisions
in the blood vessels 1n order to cause an aperture from which
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the clots could be removed. It was concluded that blood clots
had a negative effect upon total cell yields.

3—Nature of the enzyme(s), concentration, and indi-
vidual or combined action of the enzymes used 1n the tissue
digestion step: direct cell adhesion to the culture flask, 1n the
presence ol culture medium, with no digestion, and therefore
in the absence of enzymes; and tissue dissociation with a
single enzyme: 0.073% (w/v) collagenase 11 or 2.0% (w/v)
pronase were tested. Since the utilization of collagenase 11
alone was the most eflicient approach, this enzyme was then
combined with other enzymes, specifically with Trypsin
0.125% (w/v) (1n the presence or absence of EDTA 0.260
mM), with hyaluronidase 0.5% (w/v) alone, and with
hyaluronidase 0.5% (w/v) combined with pronase 2.0%
(w/v). The best yields, 1n terms of total cells at the end of
PO/umbilical cord mass/time, were obtained by the com-
bined action of collagenase II 0.075% (w/v) with trypsin
0.1253% (w/v). In addition, when the concentration of col-
lagenase 11 was changed (0.0375%, 0.075% and 0.15% w/v),
maintaining a trypsin concentration of 0.123% (w/v), 1n the
presence of 0.260 mM EDTA, 1t was confirmed that the
concentration of collagenase II of 0.073% (w/v) provided
the best results, maintaining the previously optimized con-
ditions constant.

4—Composition of the digestion solution: several enzy-
matic digestion solution compositions were tested, namely
Alpha-Mem supplemented with 20% FBS and 1% Penicil-
lin/streptomycin; saline bufler solution e.g. HBSS, supple-

mented with EDTA, more specifically with 186 mg/ml
Ca(Cl,.2H,O, 400 mg/ml KCIl, 60 mg/ml KH,PO,, 200

mg/ml MgSO,.7H,O, 8000 mg/ml NaCl, 350 mg/ml
NaHCO,;, 90 mg/ml NaH,PO4.7H,O, 1000 mg/ml glucose,
and 76 mg/ml (0.260 mM) EDTA; the previous HBSS
solution supplemented with 5 mM CaCl,; 25 mM HEPES
bullfer supplemented with 5 mM CaCl,. The saline bufler
solution (HBSS), supplemented with 0.260 mM EDTA,
produced the best yields.

S>—Monitoring pH evolution during the digestion reac-
tion: the pH was monitored along the digestion process and
an acidification of the medium was noticed. In average,
when using the combined action of collagenase 1I 0.075%
(w/v), with trypsin 0.125% (w/v), in a Hank’s salt solution
(HBSS), supplemented with 0.260 mM EDTA, the initial pH
was of 7.2, decreasing to 6.4 after 4 h incubation and to 5.9
after 16 h. The medium acidification can explain the lack of
ciliciency 1n cell 1solation after long incubation periods (16
h). Despite the fact there are more complete digestions after
long incubation periods the medium acidification becomes
prejudicial for cell viability. The solution pH 1s therefore a
parameter to take into consideration when planning imcuba-
tion periods and should never be below 6.4 where 1t becomes
prejudicial to the method’s efliciency, as determined by
counting viable 1solated cells. Although more complete
digestions were observed at 16 h, it was found that more
extended periods had a negative impact on cell viability and
led to a significant medium acidification

6—The incubation period/time for the digestion reaction:
several incubation periods were tested (2 h, 4 h, 6 h, and 16
h). It was concluded that 4 h incubation produced the best
yields.

7—Type of agitation (moderate or vigorous) during the
incubation period of the digestion reaction: the incubation
was performed 1 a water bath with orbital shaking with
either moderate or vigorous oscillation rates, consisting of
100 oscillations per minute (opm) and 140 oscillations per
minute (opm), respectively. The moderate agitation of 100
opm led to better results 1n terms of cell yields.
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8—The atmosphere of incubation of the enzymatic diges-
tion (dry or wet): the incubation was performed at 37° C. in
two different environments: wet and dry. For this test tissue
samples were processed in parallel either in an 1mmersed
orbital shaker, where the heat exchange occurred through
both water and saturated air, or 1n a dry chamber, where heat
exchange occurred through dry air. The incubation 1n the dry
chamber resulted 1n better cell yields.

9—The effect of cell density in the cryopreservation
elliciency of cells after undergoing one phase of adhesion
and expansion/multiplication: 1 ml of cell suspensions was
frozen at the end of PO in the vapour phase of liquid
nitrogen, at different densities (cells/ml), 1n a solution com-
posed of 10% dimethyl sulfoxide (DMSO) and 90% foetal
bovine serum (FBS). Cell viability after thaw (viable cells/
total cells) and cell recovery (viable cells counted after
thaw/viable cells counted before cryopreservation) were
determined for each condition. The results obtained showed
that a cell density of 3x10° cells/ml was the most likely to
ensure a proper maintenance and recovery of viable cells
alter cryopreservation under the tested conditions.

In general, and given the optimizations described above,
the 1nvention 1s based on a selection method for 1solating
precursor cells from the human umbilical cord, where each
umbilical cord 1s depleted of blood and transported to the
laboratory 1n saline bufler, containing glucose and antibiot-
ics, always 1n a sterile environment, preferably at room
temperature 1f processed within 48 h. For longer storage
periods, a temperature between 2° C. and 8° C. 1s advisable.

The following steps, ivolving processing the umbilical
cord and 1solating precursor cells, are performed 1n a vertical
flux laminar flow hood chamber, under sterile conditions.

First, the amniotic membrane, which 1s the lining struc-
ture which has been in contact with the air during tissue
collection, and thus more susceptible to microbial contami-
nation, 1s peeled off and the umbailical cord 1s washed with
a new salt solution.

Generically, 1n order to 1solate the desired precursor cells,
the method starts with fractions of defined dimension,
derived from an optimized tissue fractioning which does not
involve mechanical manipulation of the tissues, including
any extraction of internal structures of the organ, except for
blood clots within umbilical vessels when applicable.

The liberation of cells from the umbailical tissue 1s pro-
moted by an enzymatic digestion directed towards the
umbilical cord matrix, respecting an established propor-
tional relationship between tissue mass (g), the surface of the
digestion flask where the tissue is confined (cm”), the
volume of digestion solution (ml), and the total volume of
the digestion flask (ml), of approximately 1:2:2:37; consid-
ering that, in average, 1 cm fraction of umbilical cord weighs
1 g.

In order to proceed with the enzymatic digestion, a
specific combination of enzymes 1s used, at specified con-
centrations, 1n a solution with defined composition, during
an incubation period, at a specific minimum pH, and type of
agitation and incubation atmosphere equally specified.

The recovery of dissociated cells proceeds 1n three phases
where 1n a {irst phase a set of cells are recovered that are able
to adhere to the surface of the cell culture tflask where the
tissue digestion reaction 1s performed. Adhesion occurs right
alter the digestion incubation period is over, with tlask being
kept standing still 1n the horizontal position, for a period
between 10 and 120 minutes, preferably 30 minutes, at room
temperature. In a second phase a new set of cells are
recovered from the supernatant that results from centrifu-
gation of the digestion solution, after Phase 1. In both, phase
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1 and 2, cells are incubated i1n culture conditions and the
ones capable of adhering to the surface of a cell culture flask

undergo one phase of expansion/multiplication until contlu-
ence reaches near 100%. Finally, 1n Phase 3, a set of cells 1s
recovered from the pellet resulting from the centrifugation in
Phase 2 and cryopreserved directly without undergoing any
round of adhesion and expansion/multiplication.

Sequential cell recovery and all the other optimized
factors described previously were optimized so that the
method presents 100% eflicacy and maximum efliciency in
terms of number of cells selected and 1solated. In turn, the
cell population obtained can be 1dentified by the cells being
capable of adhering and expanding/multiplying 1n a surface
and defined growth medium, where the majority of cells 1n
culture express the cell surface markers CD44, CD73, CD90
and CD103, and the majonty of cells present only residual
expression of the cell surface markers CD14, CD31, CD34
and CD435, where the majority of cells are able to undergo
up to 18 expansion/multiplication phases, maintaining a
constant duplication factor of approximately 1.7/24 h, a
constant fibroblast-like morphology, and the capacity of
partial or terminal differentiation into specialized cells, such
as osteoblasts, chondrocytes, adipocytes, cardiomyocytes,
and glial cells.

Additionally, the present invention contemplates the opti-
mization of cell density (cells/vol) for cryopreservation of
cells which undergo a round of adhesion and expansion/
multiplication, with the aim of maximizing efliciency in
terms of cell viability for future use.

With the new method 1t 1s possible to obtain, with every
umbilical cord sample, a fact without precedents in the
state-oi-the-art, 1n nine days, after direct freezing of a cell
fraction, and after two independent phases of adhesion and
expansion/multiplication ex vivo (end o1 PO), yields of about
8.6(+0.1)x10” cells/gram of umbilical cord. Such efficiency
represents the possibility of obtaining, {from one umbilical
cord (average length after collection 35 cm, approximately
35 g), a total of 3.0x10" cells. In turn, and since mesenchy-
mal stem cells 1solated typically present a duplication factor
of 1.7/24 h, using a constant inoculum of 5.0x10° cells/cm?,
during 7 rounds (6 passages, P6) of adhesion and expansion/
multiplication, in a cell culture flask with 175 cm® growth
surface, 1t 1s possible to obtain, 1n 35 days, an average of
7.7x10" cells. This represents a 30% gain in the time
needed to reach the same cell numbers using similar proto-
cols described 1n the state-of-the-art, where 1n order to reach
the same number of cells, with the same constant initial
inoculum of 5.0x10° cells/cm”, 80 days would be required
(Harris et al., 2006; Can and Karahuseyinoglu, 2007).

Although the new method has been developed to be
mainly applied 1n cell therapy protocols, 1t 1s also suitable
for other ends, such as cell banking, gene therapy protocols,
pharmacological and cosmetic compositions, production of
molecules or molecular compounds, production of cell lay-
ers for cell culturing support, and for production of cell lines
through genetic manipulation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: Flow cytometry results with umbilical cord
matrix-derived cells. Cells were immunolabelled using anti-
bodies linked to PE or FITC against CD44 (97% positive
cells), CD73 (99% positive cells), CD90 (97% positive
cells) and CD105 (93% positive cells), all positive markers
for mesenchymal stroma cells.

FIG. 2: Flow cytometry results with umbailical cord
matrix-derived cells. Cells were immunolabelled using anti-
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bodies linked to PE or FITC against antigens known to be
negative markers for the mesenchymal lineage: CD14,
monocytic linecage (<1% positive cells), CD34, specific for
haematopoietic lineage (1.2% positive cells), CD31,
endothelial marker (1% positive cells), and CD45 (1.1%
positive cells), panleukocyte marker.

FIG. 3: Effect of cell density upon the efficiency of cell
cryopreservation after cell adhesion and expansion/multipli-
cation: A—mpost-thaw wviability (viable cells/total cellsx
100%) for different cell densities. B—Cell recovery (viable
cells recovered after thawing/initial number of viable cells
frozen). The best results were obtained with a cell density of
3x10° cells/ml for the conditions tested (1.5 ml sterile
cryotubes containing 1 ml of cell suspension and 0.5 ml of
headspace).

FIG. 4: In vitro expansion of thawed cells. The duplica-
tion factor observed was 1.7/24 h, similar to that observed
for these cells prior to cryopreservation. A confluence of
80-90% was observed 36 h after thawing (with medium
exchange after 24 h): A—Precursor cells 12 h after thawing,
before medium exchange. B—Precursor cells 36 h after
thawing (medium exchange performed aiter 24 h). Bar: 100
m.

FIG. §5: Differentiation of 1solated precursor cells into
osteoblasts, adipocytes and chondrocytes. A—Cell morphol-
ogy ol control cells (non-differentiated cells) 1 normal
growth medium. B—Osteogenic diflerentiation: cells were
inoculated 1 osteogenic differentiation medium and main-
tained for 3 weeks before staining with alkaline phos-
phatase. C—Adipogenic differentiation: adipogenic difler-
entiation medium was added to fully contluent cell cultures
and cells were maintained for 3 weeks belore staining with
O11-O-red. D—Chondrogenic differentiation: cells were
resuspended and maintained in a centrifuge tube 1n chon-
drogenic differentiation medium for 4 weeks. Cells were
then stained with Alcian blue and haematoxylin. Bar: 100 m.

FIG. 6: Differentiation of precursor cells i1solated into
cardiomyocytes. A—Cell morphology of control cells (non
differentiated cells) 1n normal growth medium, Alpha-Mem,
supplemented with 10% FBS and 1% Penicillin/Streptomy-
cin. B—Cell morphology after cardiomyogenic differentia-
tion. C—Control cells (non-differentiated cells) marked with
DAPI and with an antibody against Troponin T, a specific
cardiomyocyte marker. Only DAPI marked nucler are
observed. D—Diflerentiated cells marked with DAPI and
with an antibody against Troponin T. Both, DAPI marked
nucler and Troponin T marked cytoskeleton, can be
observed.

FIG. 7. Differentiation of precursor cells 1solated into
glial/neural cells. A—Cell morphology of control cells (non
differentiated cells) 1n normal growth medium, Alpha-Mem,
supplemented with 10% FBS and 1% Pemicillin/Streptomy-
cin. B—Cell morphology after ghal/neural differentiation.
C—Control cells (non-differentiated cells) marked with
DAPI and with an antibody agaimnst—tubulin III, a specific
neuronal protein. Only DAPI marked nucler are observed.
D—Differentiated cells marked with DAPI and with an
antibody against—tubulin III. Both, DAPI marked nuclei
and—tubulin III marked cytoskeleton, can be observed.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Prior to the application of the method the human umbili-
cal cord should be separated from blood and transported to
the laboratory facilities, 1n a sterile closed recipient, either
dry, or preferably immersed 1n a sterile solution containing
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186 ng/ml CaCl,.2H,0O, 400 ug/ml KCl1, 60 ug/ml KH,PO,,
200 pg/ml MgSO,.7H,0O, 8000 pg/ml NaCl, 350 pg/ml
NaHCO,, 90 ug/ml NaH,PO4.7H,O, 2000 ng/ml glucose,
and 1% of an equimolar mixture of penicillin and strepto-
mycin, preferably at room temperature 1f processed within a
period of 72 h, or between 2 and 8° C., preferably at 4° C.,
if processed within a period between 48 and 144 h after
collection, without or preferably with a sterile saline solu-
tion, such as HBSS. The saline solution may be supple-
mented with nutrients and antibiotics, for example, 1 g/L
glucose, 100 U/ml penicillin and 100 pug/ml streptomycin.

The method should be performed 1n a sterile environment,
¢.g., mnside a laminar flow hood. The umbilical cord 1is
washed 3 times with Hank’s saline bufler solution (HBSS)
and the amniotic membrane surrounding the umbilical cord
1s removed with the aid of sterile tweezers.

The umbilical cord 1s then transversally fractionated with
the aid of a scalpel into approximately 2.5 cm {fractions.
Taking 1into account the average density of human umbilical
cord (close to 1 g/cm), each fraction corresponds to approxi-
mately 2.5 g of tissue.

If present in these Iractions, blood clots should be
removed with the help of a scalpel. In the following steps,
cach group of seven 2.5 g blood clot-free fractions 1s treated
independently.

Cells are obtained from the dissociation of each group of
7 fractions, performed 1n a sterile and sealed tlask containing
a digestion solution with buflered pH, by the combined
action of collagenase II, at a concentration of 0.075%
(weight/total digestion volume), with trypsin, at a concen-
tration of 0.125% (weight/total digestion volume), maintain-
ing a constant ratio between tissue mass, bottom surface area
of the flask, digestion volume, and the total flask volume, of
approximately 1:2:2:37, and where the flask 1s incubated
under defined conditions of incubation time, temperature,
heating environment, ambient humidity and agitation; more
specifically, starting from a group of 7 umbilical cord
fractions with approximately 2.5 cm (2.5 g) each, free from
blood clots; using a volume of digestion solution of 35 ml;
in a non-vented and closed culture flask, such as a T, with
a total volume of 650 ml, and headspace during digestion of
615 ml minus the submerged volume of the 7 fractions under
digestion; and where the digestion solution consists of,

excluding the enzymes, 186 ug/ml CaCl,.2H,0O, 400 pg/ml
KCl, 60 ng/ml KH,PO,, 200 ug/ml MgSO,.7H,O, 8000

ug/ml NaCl, 350 pg/ml NaHCO,, 90 ug/ml
NaH,PO4.7H,0O, 1000 ug/ml glucose, and 76 ug/ml (0.260
mM) EDTA; maintaining the pH at 6.4 or higher; and where
the enzymatic reaction 1s incubated for 4 h; at a constant
temperature of 37° C.; 1 a closed dry incubator; under
agitation, at a constant rate of 100 oscillations-min™" (opm).

The recovery of cells obtained from tissue dissociation 1s
performed 1n three phases (tri-phased method).

In a first phase, cells are recovered from the dissociated
tissue, more specifically from a static horizontal incubation
of the flask where the digestion took place for a time period
of 5 to 300 minutes, preferentially of 30 minutes, at room
temperature. The digestion supernatant i1s transierred by
means of pipetting, avoiding suction of any undigested
tissue, to a 50 ml centrifuge tube. Any undigested tissue 1s
discarded. At this point, 35 ml of basal culture medium,
supplemented with deoxyribonucleosides, ribonucleosides,
glutamine, antibiotics and 10% of Foetal Bovine Serum
(FBS) are added to the digestion flask. The non-vented flask
cap 1s replaced by a filter containing vented cap and the
digestion flask 1s incubated at 37° C. 1n a humidified
atmosphere containing 7% CO,. Changes of the total culture
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medium at every 72 h should be performed to promote the
growth of cells that adhere during the horizontal incubation

period (selection period), until maximum surface confluence
1s achieved.

In a second recovery phase, cells are recovered from a
centrifugation of the digestion supernatant m a 50 ml
centrifuge tube, at 350 g for 10 minutes, at room tempera-
ture. After centrifugation 35 ml of supernatant are trans-
terred to a static culture flask (T, ,5) with a filter-containing
vented cap; and 35 ml of basal culture medium supple-
mented with deoxyribonucleosides, ribonucleosides, gluta-
mine, antibiotics and 10% of Foetal Bovine Serum (FBS) are
added. The flask 1s then incubated at 37° C. 1n a humidified
atmosphere containing 7% CO,, and the total culture
medium changed every 72 h in order to promote cell
adhesion and expansion/multiplication until maximum sur-
face contluence 1s achieved.

Cell populations obtained from the first and second phases
are cryopreserved after the first adhesion and expansion/
multiplication round (end of PO). This consists on the direct
cryopreservation in the vapour phase of liquid nitrogen of a
mixture of 0.5 ml of cell suspension, containing the desired
total cell number, and the same volume of a solution of
Foetal Bovine Serum (FBS) containing 10% of dimethyl
sulfoxyde (DMSQO), to obtain a final concentration of
approximately 3x10° cells/ml, in a 1.5 ml sterile cryovial,
contaiming therefore 1.0 ml cell suspension and 0.5 ml
headspace.

The third and final phase of cell recovery consists on
direct cryopreservation of the cell pellet obtained by the
previously described centrifugation of the digestion super-
natant, resuspended 1n 2 ml of a solution consisting of Foetal
Bovine Serum (FBS), contaiming 10% of dimethyl sulfoxide
(DMSQ), using a controlled rate freezer, at a temperature
decreasing rate of 1° C. min™", down to —-80° C., in a 2.5 ml
sterile cryovial, containing 2 ml cell suspension and 0.5 ml
headspace.

Cryopreserved cells can be recovered whenever necessary
through a fast thawing process in a water bath at 37° C. The
cells are then resuspended 1n culture medium at the same
temperature with a dilution factor of 1:10. Subsequent
expansion rounds can be performed using moculum densi-
ties between 5.0x10° and 2.0x10* cells/cm®, with total
medium exchange every 72 h. Cells typically exhibit a
duplication factor of 1.7/24 h.

Example 1

Optimization of Type/Amount of Mechanical
Manipulation and Fraction Dimension

The type of mechanical manipulation and size of nitial
tissue fragments were optimized maintaining a constant
proportion of tissue mass (g), surface area of the bottom of
the digestion flask (cm?), digestion volume (ml), and the
total volume of the flask (ml), of approximately 1:2:2:37,
considering that a fraction of 1 cm of human umbailical cord
weighs about 1 g. After removing the amniotic membrane,
several types of umbilical cord fractionation were tested:
low (5 c¢m fractions); medium (2.5 cm fractions); high (0.3
cm Iractions); and minced tissue. All fractionations were
performed with the help of a scalpel and the samples
processed using exactly the same conditions. It was con-
cluded that the best yields, 1n terms of total cells at the end
of PO/umbilical cord mass/time, were obtained when using
2.5 cm fractions. Table 1 summarizes the results obtained
qualitatively.
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TABLE 1

Fractionation optimization: cell vield.

Medium
Low (5 cm) (2.5 cm) High (0.3 cm) Mince
+ ++ + -
Key:
+++ = Excellent,
++ = very good,
+ = good,
— = reasonable,
—— = bad,
0 = unsuccessful
Example 2

Optimization Relative to the Presence or Absence
of Blood Clots within Umbilical Cord Vessels (1
Vein and 2 Arteries)

It 1s known that lysis of red-blood cells 1s toxic, reducing
cell viability 1n vitro. Theretfore, cell yields were compared
when the digestion was performed in the presence or
absence of blood clots. For the latter experiment, blood clots
were removed with the help of a scalpel. It was concluded
that blood clots had a negative etlect upon yield, 1in terms of
total cells at the end of PO/umbilical cord mass/time. Table
2 summarizes the results obtained qualitatively.

TABLE 2

Blood clots: eftfects upon cell vield.

Presence Absence

— ++

Key:

+++ = Excellent,
++ = very good,
+ = good,

— = reasonable,
—— = bad,

0 = unsuccessful

Example 3

Optimization Relative to Enzyme Nature,
Individual or Combined Enzyme Action, and
Enzyme Concentration in the Digestion Solution

In order to maximize yields, in terms of the number of
cells with the desired characteristics 1solated from the 1nitial
tissue, two 1nitial approaches were adopted related to
enzyme digestion: direct cell adhesion to the culture flask, 1n
the presence of culture medium, with no digestion, and
therefore 1n the absence of enzymes; and tissue dissociation
with a single enzyme: 0.075% (w/v) collagenase II or 2.0%
(w/v) pronase.

Since the utilization of collagenase 11 alone was the most
cilicient approach, this enzyme was then combined with
other enzymes, specifically with Trypsin 0.125% (w/v) (in
the presence or absence of EDTA 0.260 mM), with
hyaluronidase 0.5% (w/v) alone, and with hyaluronidase
0.5% (w/v), combined with pronase 2.0% (w/v).

For these tests the optimal fraction size of 2.5 cm was
used and the proportion of tissue mass (g), surface area of
the bottom of the flask (cm?), the volume of digestion (ml)
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and the total volume of the flask (ml), of approximately
1:2:2:37 was maintained constant.

The results showed that the best yields, 1n terms of total
cells at the end of PO/umbilical cord mass/time, were
obtained by the combined action of collagenase II 0.075%
(w/v) with trypsin 0.125% (w/v). In addition, when the
concentration of collagenase II was changed (0.0373%,
0.075% and 0.15% w/v), maintaining a trypsin concentra-
tion of 0.125% (w/v), in the presence of 0.260 mM EDTA,
it was confirmed that the concentration of collagenase II of
0.075% (w/v) provided the best result. Table 3 qualitatively
summarizes these results.

TABLE 3

Enzyme nature, combined action and concentration:

effects upon cell yield.

No Pronase  Col II Col II Col 1II

enzyme (2.0%) (0.0375%) (0.075%) (0.150%)
No enzyme O — - + —
Trypsin X X + + ——
(0.125%)
Trypsin X X X ++ X
(0.125%) +
EDTA
(0.260 mM)
Hyaluronidase X X X + X
(0.5%)
Pronase X X X + X
(2.0%) +
Hyaluronidase
(0.5%)
Key:

+++ = Excellent,
++ = very good,
+ = good,

— = reasonable,
—— = bad,

(0 = unsuccessful

Example 4

Optimization of the Chemical Composition of the
Enzymatic Solution

Several enzymatic digestion solution compositions were
tested, namely, Alpha-Mem supplemented with 20% FBS
and 1% Penicillin/streptomycin; saline bufler solution e.g.
HBSS, supplemented with EDTA, more specifically with
186 mg/ml CaCl,.2H,O, 400 mg/ml KCI, 60 mg/ml
KH,PO,, 200 mg/ml MgSO,.7H,O, 8000 mg/ml NaCl, 350
mg/ml NaHCO,, 90 mg/ml NaH,PO4.7H,0, 1000 mg/ml
glucose, and 76 mg/ml (0.260 mM) EDTA; the previous
HBSS solution supplemented with 5 mM CaCl,; 25 mM
HEPES butter supplemented with 5 mM CaCl,.

For these tests the previously optimized conditions were

maintained, namely the enzyme combination consisting of
collagenase II 0.0753% (w/v) and trypsin 0.125% (w/v).
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The best results were obtained for the saline bufler
solution (HBSS), supplemented with 0.260 mM EDTA.
Table 4 qualitatively summarizes the results obtained.

TABLE 4

Composition of the enzvmatic solution: effects upon cell vield.

Alpha-Mem + HBSS + HBSS + 25 mM
20% FBS + 0.26 mM 5 mM HEPES +
1% pen/strep EDTA CaCl, 5 mM CaCl,
Col II —— ++ — +
(0.075%) +
Trypsin
(0.125%)
Key:
+++ = Excellent,
++ = very good,
+ = good,
— = reasonable,
—— = bad,
0 = unsuccesstul
Example 5

Optimization of Enzymatic Digestion Incubation
Time and pH Evolution

Several mcubation periods were tested: 2 h, 4 h, 6 h and
16 h. From the results obtained the best incubation period
was 4 h. Although more complete digestions were observed
at 16 h, 1t was found that more extended periods had a
negative mmpact on cell viability and led to a significant
medium acidification. Table 5 qualitatively summarizes the
results obtained.

TABLE 5

Incubation time and pH of enzymatic digestion solution: effects
upon cell vield.

2 h 4 h 6 h 16 h

Col II +
(0.075%) + (pH 6.9)
Trypsin

(0.125%) 1n

HBSS +

0.26 mM

EDTA

++ — +
(pH 6.4) (pH 6.1) (pH 5.9)

Key:

+++ = Excellent,
++ = very good,
+ = good,

— = reasonable,
—— = bad,

0 = unsuccessful

Example 5

Optimization of Agitation Mode (Moderate Versus
Vigorous) During Digestion

The mcubation of the enzymatic digestion solution was
performed 1n a water bath with orbital shaking with either
moderate (100 opm) or vigorous (140 opm) oscillation rates.
The moderate agitation of 100 opm led to better results 1n
terms of cell yield. Table 6 qualitatively summarizes the
results obtained.



US 9,546,353 B2

15
TABLE 6

Agitation rate: effects upon cell vield.

100 opm 140 opm

++ +

Key:

+++ = Excellent,
++ = very good,
+ = good,

— = reasonable,
—— = bad,

0 = unsuccessiul

Example 7

Optimization of the Incubation Atmosphere During
Enzymatic Digestion (Dry Versus Wet)

The incubation of the enzymatic digestion solution was
performed at 37° C. 1 two diflerent environments: wet and
dry. For this test tissue samples were processed in parallel
either 1n an 1mmersed orbital shaker, where the heat

exchange occurred through both water and saturated air, or
in a dry chamber, where heat exchange occurred through dry
air. The incubation in the dry chamber resulted in better cell
yields. Table 7 summarizes the results obtained qualitatively.

TABLE 7

Incubation environment: effects upon cell vield.

Water bath Dry chamber
++ +++
Key:
+++ = Excellent,
++ = very good,
+ = good,
— = reasonable,
—— = bad,
0 = unsuccessful
Example 8

Optimization of Cell Density During
Cryopreservation

To evaluate the effect of cell density upon cell recovery
alter cryopreservation, cells were frozen at the end of P1 1n
the vapour phase of liquid nitrogen, at different densities
ranging between 1x10° and 10x10° cells/ml, in 1.5 ml
cryotubes containing 0.5 ml of cell suspension and the same
volume of a solution composed of FBS (90%) and DMSO
(10%).

Cells were cryopreserved for a minimum of 30 days and
then thawed by placing the cryotube 1n a water bath kept at
3’7° C. Thawed cells were resuspended 1n 10 ml of culture
medium previously heated to 37° C. Total and viable cells
were counted and subsequently inoculated in tissue culture
flasks (NUNC) at a dilution factor of 1:10.

After 24 h the medium was exchanged for fresh medium
and cells were maintained as described above.

To determine the optimal cell density for cryopreserva-
tion, cell viability after thaw (viable cells/total cells) and cell
recovery (viable cells counted after thaw/viable cells
counted before cryopreservation) were determined for each
condition. The results obtained showed that a cell density of
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3x10° cells/ml was the most likely to ensure a proper
maintenance and recovery of viable cells after cryopreser-

vation under the tested conditions (1.5 ml cryotubes con-
tamning 1 ml of cell suspension and 0.5 ml headspace).

The 1n vitro expansion capacity of the thawed cells was
monitored. Cells typically exhibited a duplication factor of
1.7 doublings per day, similar to the value observed belore
cryopreservation (FIG. 4).

Example 9

Isolation of Precursor Cells from Human Umbilical
Cords Using the Method Developed

After obtaining authorization from the Ethics Commuittees
ol the institutions where the umbilical cords were collected
and informed consent from the mothers, several umbilical
cords were collected after giving birth. The umbilical cords
were separated from the placenta, depleted of blood and
transported to the laboratory facilities 1n a sterile closed flask
containing a sterile saline solution, HBSS, supplemented
with nutrients and antibiotics, for example, 1 g/L. glucose,
100 U/ml penicillin and 100 pug/ml streptomycin.

The transport to the facilities was performed at room
temperature. The method was performed 1n a sterile envi-
ronment inside a laminar flow hood.

Each umbilical cord was washed 3 times with Hank’s
saline bufler solution (HBSS) and the amniotic membrane
surrounding the umbilical cord was removed with sterile
tweezers.

Each umbilical cord was then transversally fractionated
with the help of a scalpel mto 2.5 cm fractions. Taking into
account the average linear density of human umbailical cord
(1 g/cm), each fraction corresponds to approximately 2.5 g
of tissue. In these fractions, i1dentified blood clots were
removed with the help of a scalpel. Each group of seven 2.5
g blood clot-free fractions was treated independently.

Cells were obtained from the dissociation of each group
of 7 fractions, performed in a sterile and sealed flask
containing a digestion solution with bufiered pH, by the
combined action of collagenase II, at a concentration of
0.075% (weight/total volume of digestion), with trypsin, at
a concentration of 0.125% (weight/total volume of diges-
tion), maintaining a constant ratio between tissue mass,
surface area of the bottom of the flask, the volume of
digestion and the total volume of the flask, of approximately
1:2:2:377. The flask was 1incubated under defined time period,
temperature, heating environment, ambient humidity and
agitation; more specifically, starting from a group of 7
umbilical cord fractions with approximately 2.5 g each, free
from blood clots, using a volume of digestion solution of 35
ml, 1n a non-vented closed culture flask, like aT175 of a total
volume of 650 ml and a headspace during digestion of 615
ml minus the submerged volume of the 7 fractions under
digestion and where the digestion solution consists, exclud-
ing the enzymes, of 186 mg/ml CaCl,.2H,0O, 400 mg/ml

KCl, 60 mg/ml KH,PO,, 200 mg/ml MgSO,.7H,O, 8000
mg/ml NaCl, 350 mg/ml NaHCO,;, 90 mg/ml
NaH,PO4.7H,0O, 1000 mg/ml glucose, and 76 mg/ml (0.260
mM) EDTA, maimtaining the pH at 6.4 or higher. The
enzymatic reaction was incubated for 4 h, at a constant
temperature of 37° C. 1 a closed dry incubator, under
agitation at a constant rate of 100 oscillations'min™" (opm).

The recovery of the cells obtained from tissue dissociation
was performed in three phases.

In a first phase, cells were recovered from the dissociated
tissue, more specifically from a static horizontal incubation
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of the flask where the digestion took place for a time period
of 5 to 300 minutes, preferentially of 30 minutes, at room
temperature. The digestion supernatant was transierred by
means of pipetting, avoiding any undigested tissue, to a 50
ml centrifuge tube. All the undigested tissue was discarded.
At this point, 35 ml of basal culture medium supplemented
with deoxyribonucleosides, ribonucleosides, glutamine,
antibiotics and 10% of Foetal Bovine Serum (FBS) were
added to the digestion flask. The non-vented flask cap was
substituted by a filter containing vented cap and the diges-
tion flask was incubated at 37° C. 1n a humidified atmo-
sphere containing 7% CO,. Changes of the total culture
medium at every 72 h for 7 days were performed to promote
the growth of cells that adhered during the horizontal
incubation, until surface confluence with cells was achieved.

In a second recovery phase, cells are recovered from the
centrifugation of the 50 ml centrifuge tube from above at
350 g, for 10 minutes, at room temperature and by trans-
terring the 35 ml supernatant volume aiter centrifugation to
a static culture flask, such as a T, ., with a filter-containing
vented cap; adding to the same culture flask 35 ml of basal
culture medium, supplemented with deoxyribonucleosides,
ribonucleosides, glutamine, antibiotics and 10% of Foetal
Bovine Serum (FBS); incubating the culture flask at 37° C.,
in a humidified atmosphere, containing 7% CO,; and chang-
ing the culture medium every 72 h 1 order to promote
adhesion and cell expansion/multiplication until maximum
confluence 1s achieved.

The cell populations obtained from the first and second
phases were cryopreserved at the end of the first expansion
cycle (end of PO). This consisted on the direct cryopreser-
vation 1n the vapour phase of liquid nitrogen of a mixture of
0.5 ml of cell suspension, containing the desired total cell
number, and the same volume of a solution of Foetal Bovine
Serum (FBS) contamning 10% of dimethyl sulfoxyde
(DMSQ), to obtain a final concentration of approximately
3x10° cells/ml, in a 1.5 ml sterile cryovial containing 1.0 ml
of cell suspension and 0.5 ml of headspace.

The third and final phase of cell recovery from the
dissociated tissue consisted on the direct cryopreservation of
the cell pellet obtained by centrifugation of the digestion
supernatant, using a controlled rate freezer at a temperature
decreasing rate of 1° C.-min~" down to -80° C., where cells
were resuspended 1n 2 ml of a solution of Foetal Bovine
Serum (FBS) containing 10% of dimethyl sulfoxide
(DMSO) 1n a 2.5 ml sterile cryovial containing 2 ml of cell
suspension and 0.5 ml of headspace.

Cryopreserved cells were recovered after 31 days through
a fast thawing process in a water bath at 37° C. The cells are
then resuspended in culture medium at the same temperature
with a dilution factor of 1:10. Subsequent expansion steps
can be performed using inoculum densities between 5.0x10°
and 2.0x10* cells/cm?, with total medium exchange every 72
h. Cells typically exhibit a growth rate of 1.7 doublings per
day for 18 passages.

Example 10

Certification of the Mesenchymal Phenotype of the
Isolated Precursor Cells

Beyond the capability to adhere and proliferate in a
selective culture medium for precursor mesenchymal cells,
the 1solated cells were characterized at the end of P1, by flow
cytometry.

When the cells reached 80% to 90% confluence at the end
of P1, the culture medium was removed and the cell surface
washed with phosphate buffer (without Ca®* and Mg™*).
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Trypsin at 0.25% was added and, as soon as cells detach
from the flask surface, 2 volumes of culture medium were
added. The cell suspension was then centrifuged for 10
minutes at 350 g, and the supernatant was discarded. The
pellet containing the cells was resuspended in blocking
solution (0.2% BSA 1 dPBS) to achieve a final cell con-
centration between 2x10° and 10x10° cells/ml. After an
incubation period of 10 minutes at room temperature, 100 |
of the cell suspension were added to each tube containing the
primary antibodies conjugated with a fluorescence marker,
Phycoerythrin (PE) or Fluorescein Isotiocyanate (FITC).
The cell suspension was shaken and incubated in 1ce and
protected from light for 20-40 min. After this period, 1.5 ml
of dPBS were added to each tube, the cells were resuspended
and centrifuged for 5 minutes at 350 g. The supernatant was
discarded and the pellet contaiming the cells was resus-
pended 1n 500 1 of paratormaldehyde at 1%.

The cell suspension was stored at 4° C. until further use.
The flow cytometry was performed 1n a FACScalibur from
BD Biosciences with the detection of CD44, CD73, CD90
and CD1035 surface antigens as positive markers of mesen-
chymal cells. For this, primary antibodies conjugated to
FITC or PE were used (FIG. 1). The presence of the negative
markers CD14, CD31, CD34 and CD45 surface antigens
was 1nvestigated. These are specific for the haematopoietic
(CD34), monocytic (CD14), endothelial (CD31) and pan-
leucocytic (CD45) lineages and all of these antibodies were
conjugated to FITC (FIG. 2). As expected, the large majority
of the 1solated mesenchymal cells showed to be positive for

CD44, CD73, CD90 and CDI105 and negative or only
residually positive for the above referred negative markers.

Example 11

Demonstration of the Precursor Phenotype of the
Isolated Cells: Osteogenic Differentiation

In accordance with the detailed description of the mven-
tion, the precursor cells 1solated from the fractions of human
umbilical cord, showed the capacity to differentiate into
different specialized cell types. In this example the difler-
entiation capabilities of these cells 1nto osteoblasts 1s dem-
onstrated.

Cells were inoculated at P3 at a density of 2.0x10*
cells/cm® in osteogenic differentiation medium containing
alpha-MEM basal medium (with deoxyribonucleotides,
ribonucleotides and ultraglutamine) supplemented with 10%
tetal bovine serum (FBS), 10 mM p-glycerophosphate, 100
U/ml penicillin, 100 ug/ml streptomycin, 50 ug/ml ascor-

bate-2-phosphate, 100 nM dexamethasone (Hung et al.,

2002).

The entire medium was changed 2 times per week for 3
weeks after which the specific staining protocols, using
alizarin red and alkaline phosphatase were performed and
were both positive. Regarding the alizarin red staining, the
medium was carefully aspirated from the tissue culture tlask
and cells were fixed with 4% para-formaldehyde for 10
minutes at room temperature.

Cells were washed with PBS and incubated with the
specific staining solution, alizarin red S, 40 mM, pH4 .2, for
15 minutes at room temperature. The alizarin red S solution
was removed and the cells carefully washed with water
(Kotobuki et al., 2006).

In the case of the alkaline phosphatase (Sigma-Aldrich)
test, the cells were also fixed with 4% para-formaldehyde for
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10 minutes at room temperature. The cells were then washed
with PBS and submerged 1n 2.5 ml of citrate solution and left
to icubate for 30 seconds.

The citrate solution was then removed and the cells
washed with deionized water (mi1lliQQ) and incubated with
the staining solution, Neutral red, for 2 minutes. The solu-
tion was then removed and the cells carefully washed with
water (Shim, et al., 2004). The test was positive for osteo-
genic differentiation (FIG. §).

Example 12

Demonstration of the Precursor Phenotype of the
Isolated Cells: Adipogenic Ditlerentiation

In order to differentiate cells into adipocytes, the cells
were plated at P3 at a density of 2.0x10% cells/cm”
alpha-MEM basal medium (with deoxyribonucleotides,
ribonucleotides and ultraglutamine) supplemented with 10%
FBS, 100 u/ml penicillin and 100 pg/ml streptomycin and
maintained in this culture medium. When confluent, the
medium was changed to adipogenic diflerentiation medium

with consisted of DMEM-LG with 10% FBS, 100 U/ml

penicillin, 100 ug/ml streptomycin, 10 ug/ml msulin, 200 M
indometacin, 0.5 mM 1sobutyl-1-methylxanthine and 1 M
dexamethasone (Shih et al., 2003).

The entire medium was changed 2 times per week during
3 weeks, after which the specific staining assays with Oil red
O were performed and adipogenic differentiation confirmed.
For this, the culture medium was carefully removed from the
tissue culture flasks (NUNC) by aspiration and the cells
fixed with 4% para-formaldehyde for 10 minutes at room
temperature. The cells were then washed with PBS and
incubated with the filtered Oil red O solution (2:3) for at
least 10 minutes at room temperature. The O1l red O solution
was then removed and the cells carefully washed with water
(Do, et al., 2006). The test was positive for adipogenic

differentiation (FIG. 5).

Example 13

Demonstration of the Precursor Phenotype of the
Isolated Cells: Chondrogenic Diil:

erentiation

For chondrogenic diflerentiation, cells were resuspended
at P3 to a final density of 1.1x10° cells/ml and placed in a
conical 15 ml tube 1n order to let the chondrospheres to form.
The culture medium used was chondrogenic differentiation

medium consisting on DMEM-LG with 1% FBS, 6.25 ng/ml
insulin, 10 ng/ml TGFP1 and 50 uM ascorbate-2-phosphate
(Shih et al., 2005).

The entire medium was changed twice a week for 4 weeks
with special care as not to disturb the chondrospheres, after
which the specific staining assays with alcian blue and
hematoxylin were performed and chondrogenic differentia-
tion confirmed. For this, the entire medium was removed
from the tube by aspiration and the chondrospheres washed
with PBS. The chondrospheres were then submerged 1n agar
and frozen 1n the liquid nitrogen vapor phase.

With the aid of a microtome, the agar was cut 1n 5 um
thick tissue sections. These sections were stained with 1%
alcian blue and incubated for 5 minutes at room temperature
and then washed with PBS. The preparations fixed on a
microscope slide were passed through a hematoxylin solu-
tion and incubated for 5 minutes at room temperature. The
hematoxylin was removed by a final washing step with PBS
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(Okada, et al., 2005). The test resulted positive for chon-
drogenic differentiation (FIG. 5).

Example 14

Demonstration of the Precursor Phenotype of the
Isolated Cells: Cardiomyogenic Diflerentiation

Cardiomyogenic differentiation occurred for a period of
18 days, during which diil

erent culture media were used
(Lee et al., 2004 ). The cells were plated at a density of 3000
cells/cm?® in a 16-well chamber slide coated with ornithine.

Cells were plated 1n Medium CO which consisted of Alpha-
MEM basal medium (with deoxyribonucleotides, ribonucle-
otides and ultraglutamine) supplemented with 10% FBS,

100 U/ml penicillin and 100 pug/ml streptomycin. Twenty
four hours after plating, the culture medium was replaced
with another medium (Medium C1) which consisted of
DMEM-LG supplemented with 10% FBS, 100 U/ml peni-
cillin, 100 ng/ml streptomycin, 2 mM L-glutamine, 10 ng/ml
B-FGF and 10 uM 35-azacytidine. Twenty four hours after
plating the cells in Medium C1, a second medium change
was performed to Medium C2. Medium C2 consisted of
DMEM-LG basal medium supplemented with 10% FBS,
100 U/ml penicillin, 100 pg/ml streptomycin, 2 mM L-glu-
tamine and 10 ng/ml B-FGF. Cells were maintained in
Medium C2 for two weeks, with medium changes every 72
hours.

In parallel, control (non-differentiated) cells were plated
at a density of 5000 cells/cm” and maintained in Medium O.
After the diflerentiation period, immunofluorescence assays
were performed with primary antibodies against a typical
muscle protein, cardiac troponin T, specific to cardiomyo-
cytes. In order to locate cells for the assay, the cellular nuclei
were stained with a fluorochrome, DAPI, specific for nucleic
acids. As 1t was expected, only cells subjected to the
cardiomyogenic differentiation protocol, already presenting
typical cardiomyocyte morphology, produced a fluorescent

signal (FIG. 6D).

Example 15

Demonstration of the Precursor Phenotype of the
Isolated Cells: Neurogenic/Glial Diflerentiation

The neurogenic diflerentiation occurred for a period of 12
days, during which different culture media were used (Lee
et al., 2004). The cells were plated at a density of 3000
cells/cm® in 16-well chamber slides coated with ornithine.
Cells were plated in culture medium (Medium N1), consist-
ing of basal IMDM medium supplemented with 10% FBS,
100 U/ml pemicillin, 100 ug/ml streptomycin, 2 mM L-glu-
tamine (Sigma), 5 ng/ml 3-FGF, 0.5 uM retinoic acid and 1
mM 2-mercaptoethanol.

Three days after plating, Medium N1 was replaced with
Medium N2 containing basal IMDM medium supplemented
with 10% FBS, 100 U/ml penicillin, 100 ng/ml streptomy-
cin, 2 mM L-glutamine, 1 mM cyclic adenosine monophos-
phate (CAMP) and 100 uM ascorbate-2-phosphate.

Three days after plating, Medium N2 was replaced with
Medium N3 containing IMDM basal medium supplemented
with 10% FBS 100 U/ml penicillin, 100 ng/ml streptomycin,

2 mM L-glutamine, 1 mM cyclic adenosine monophosphate
(cCAMP) and 10 uM hydrocortisone.

Finally, 3 days after plating, Medium N3 was replaced
with Medium N4 consisting of IMDM basal medium supple-
mented with 10% FBS, 100 U/ml penicillin, 100 pg/ml
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streptomycin, 2 mM L-glutamine, 20 ng/ml FGF-1, 10
ng/ml SHH, 10 ng/ml NGF, 25 ng/ml vitronectin, 100 uM
ascorbate-2-phosphate, 100 uM 1sobuthylmethylxantine, 10
uM forskolin and 20 nM PMA.

In parallel, control (non-differentiated) cells were plated
at a density of 5000 cells/cm” and maintained in Medium NO
(see cardiomyogenic differentiation protocol).

After the differentiation period, immunotluorescence
assays were performed with a primary antibody against
B3-tubulin, type III, specific for neuronal cells. In order to
locate the cells for the assay, the cellular nucler were stained
with a fluorochrome, DAPI, specific for nucleic acids. As
was expected, only cells subjected to the neurogenic/glal
differentiation protocol, already presenting a typical glial

morphology (FIG. 7B), produced a fluorescent signal (FIG.

7D).
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What 1s claimed 1s:

1. A method of recovering precursor cells from an umbili-
cal cord, said method comprising;

a) providing a portion of an umbilical cord from which the
amniotic membrane has been removed but from which
umbilical cord vessels have not been extracted, and
which has not been subjected to maceration nor crush-
ing of tissues 1n the sub-amniotic, intervascular, and
perivascular regions of said portion of umbilical cord;

b) digesting said portion of umbilical cord 1n a first flask
with an enzymatic digestion solution under conditions
for digesting the umbilical cord tissue of said portion of
umbilical cord, without digesting said umbilical cord
vessels; and

c) after said digesting step, collecting cells 1 three
1solation phases:

(1) a first 1solation phase comprising collecting cells
that adhere to said first flask after standing at least 5
minutes aiter said digesting step;

(11) a second 1solation phase comprising collecting cells
that adhere to a second flask from a supernatant, said
supernatant generated by centrifuging said enzy-
matic digestion solution after said digesting step and
alter said first 1solation phase; and

(111) a third 1solation phase comprising collecting cells
from the pellet generated by centrifuging said enzy-
matic digestion solution after said digesting step and
alter said first isolation phase;

thereby recovering precursor cells that can demonstrate
osteogenic, chondrogenic, adipogenic, cardiomyo-
genic, and glial/neurogenic differentiation.

2. The method according to claim 1, wherein said umbili-

cal cord 1s a human umbilical cord.

3. The method according to claim 1, wherein said portion
has been cut transversally and/or from which blood clots
have been removed.

4. The method according to claim 1, wherein said enzy-
matic digestion solution comprises collagenase and trypsin.
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5. The method according to claim 4, wherein said enzy-
matic digestion solution comprises 0.0375-0.075% collage-
nase II (w/v) and 0.125% trypsin (w/v).

6. The method according to claim 1, wherein said first
flask has dimensions providing a ratio of about 1:2:2:37 for
umbilical cord tissue mass (g) to bottom surface area of said
first flask (cm®) to volume of said enzymatic digestion
solution (mL) to total volume of said first flask (mL).

7. The method according to claim 1, wherein said diges-
tion step further comprises agitation of about 100 oscilla-
tions/minute, 1 a dry atmosphere.

8. The method according to claim 1, wherein said diges-
tion 1s performed under conditions that maintain a pH of 6.4
or higher of said enzymatic digestion solution.

9. The method according to claim 1, wherein the digestion
1s performed for 2-16 hours.

10. The method according to claim 9, wherein the diges-
tion 1s performed for about 4 hours.

11. The method according to claam 1, wherein said
precursor cells collected in phase (1) are collected following
a period of standing of 5 to 300 minutes after the end of said
digestion.

12. The method according to claim 1, wherein said
precursor cells collected 1n phase (1) are cultured for one
round of expansion, before being collected.

13. The method according to claim 12, wherein said
precursor cells collected 1n phase (1) are cultured to contlu-
ence during said expansion, before being collected.

14. The method according to claim 1, wherein said
precursor cells collected 1n phase (11) are cultured for one
round of expansion, before being collected.

15. The method according to claim 14, wherein said
precursor cells collected 1n phase (11) are cultured to con-
fluence during said expansion, before being collected.

16. The method according to claim 1 wherein at least
8x10° precursor cells are recovered per gram of umbilical
cord provided.

17. The method according to claim 1 wherein said method
allows 100% eflicacy in providing precursor cells for each
umbilical cord used.

18. The method according to claim 1, further comprising
the step of cryopreservation ol said recovered precursor
cells.

19. The method according to claim 18, wherein the

density of said precursor cells after cryopreservation is about
3%x10° cells/mL.
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